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 0DL]H VLODJH ZLGHO\ XVHG LQ DQLPDO IHHGLQJ DV GHOLFLRXV IRUDJH VRXUFH DQG LWV
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YDULHW\
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,QJHQHUDOLWLVSRVVLEOH
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LWVSURWHLQDQGPLQHUDOFRQWHQWFRQVLGHUDEO\ORZIRUDQLPDOIHHGLQJ
UHTXLUHPHQWV$OoLoHNHWDO,WLVUHSRUWHGWKDWWKLVSUREOHPFDQEHVROYHGE\XVLQJSURWHLQULFKOHJXPHVDQG
IRUDJHFURSVRUDGGLQJXUHDGXULQJHQVLOLQJRIPDL]H2QWKHRWKHUKDQGVSHFLDOW\SHVRIPDL]HFDQEHDOWHUQDWLYHIRU
VROYLQJ WKLVSUREOHPEHFDXVHRI WKH\DUHGLIIHUHQW IURP WKHQRUPDOJHQRW\SHV7RRXUEHVWNQRZOHGJH WKHUHDUH
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JHQRW\SHVDVIRUDJHVRXUFHFDQSURYLGHVLJQLILFDQWEHQHILWVLQSUDFWLFHIRUDQLPDOIHHGLQJ,QGHHGEUHHGHULGHDWKDW
VLODJH\LHOGDQGTXDOLW\GHSHQGRQWKHJUDLQ\LHOGRQO\EHJDQWRFKDQJHDQHZLGHDDOVRWKDWHIILFLHQWW\SHVRIJUDLQ
FRUQ YDULHWLHV FDQEH XVHG DV KLJKTXDOLW\ VLODJH TXDOLW\ KDYH VSUHDG 'Z\HU HW DO  )URP WKLV VWDQGSRLQW
LQYHVWLJDWLRQ RI FKDQJHV LQ QXWULWLYH YDOXHV RI VSHFLDOW\ PDL]H JHQRW\SHV ZKLFK DUH JHQHUDOO\ EUHG IRU JUDLQ
SURGXFWLRQPD\UHYHDORSSRUWXQLWLHVIRUXVHRIWKHVHPDL]HW\SHVLQERWKJUD]LQJDQGVLODJHSURGXFWLRQ
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'DWDUHJDUGLQJWRWKHFOLPDWLFFRQGLWLRQVRIWKHH[SHULPHQWDODUHDIRUWKH
JURZLQJ VHDVRQV LQ ± DUH JLYHQ LQ )LJXUH  7KH KLJKHVW YDOXHV UHJDUGLQJ WR WKH WRWDO DPRXQW RI
SUHFLSLWDWLRQKDYHEHHQUHFRUGHG LQ WKHPRQWKRI'HFHPEHUZKLOH WKH ORZHVWZHUHREVHUYHG LQ WKHPRQWKRI-XO\
GXULQJERWKRIWKH\HDUV0RQWKO\PHDQWHPSHUDWXUHYDOXHVRIVHFRQG\HDUKDYHEHHQQRWLFHGVOLJKWO\KLJKHU
WKDQWKDWRIWKHILUVW\HDU+RZHYHUWKHVLPLODUWUHQGKDVEHHQFRQWLQXHGLQERWKRIWKH\HDUV)LJXUH
7KUHHSODQWVZHUHWDNHQUDQGRPO\IURPHDFKSORWIRUWKHSXUSRVHRIVDPSOLQJDWWKHLQWHUYDORI
DQGGD\V DIWHU VRZLQJ/HDI DQG VWDON SRUWLRQVRI WKH REWDLQHG VDPSOHVZHUH VHSDUDWHG DIWHU KDUYHVWLQJ7KH
FROOHFWHGVDPSOHVZHUHNHSWXQGHU&IRUWKHSHULRGRIKRXUVDLPHGWRPDNHWKHPGU\DQGWKHQJULQGHGLQD
ODERUDWRU\PLOO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6SHFWUDVWDU'8QLW\6FLHQWLILF86$)RU WKLVSXUSRVHJULQGHGVDPSOHVZHUHSXW LQWR WKHVDPSOLQJFXSRI
LQVWUXPHQWDQGVFDQQHG WKHPEHWZHHQ WKH LQWHUYDOVRIQPWRQP$IWHU WKDW WKHREWDLQHGVSHFWUDKDYH
EHHQDSSOLHGWR,1*27FDOLEUDWLRQPRGHO0DL]H6LODJHDQG)RUDJHDQGWKHQWKHSUHGLFWHGYDOXHVRI$')1)'
$'/20''0'WRWDOILEHUFRQWHQWDQGWRWDOSURWHLQFRQWHQWRIWKHVDPSOHVKDYHEHHQREWDLQHG)LQDOO\WKHGDWD
KDYHEHHQDQDO\]HGLQ6$69VRIWZDUH6$6,QV9DULDQFHRIDQDO\VHVZHUHSHUIRUPHGDFFRUGLQJWR WKH
PRGHO DSSURSULDWH WR UDQGRPL]HG FRPSOHWH EORFN GHVLJQ 7XNH\ PXOWLSOH FRPSDULVRQ WHVW KDV EHHQ DSSOLHG WR
FRPSDUHWKHGLIIHUHQFHVEHWZHHQPHDQYDOXHV

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SURWHLQ FRQWHQW VWDON $'/ OHDI ILEHU FRQWHQW OHDI $') DQG OHDI 620 FRQWHQW ,Q FDVH RI OHDI WUDLWV H[FHSW
\HDUJHQRWLSHIRUOHDI$'/FRQWHQW$OORIWKHRWKHUWZRZD\LQWHUDFWLRQVKDYHEHHQVLJQLILFDQWO\DIIHFWHG7DEOH
2XUIRFXVZDVPDLQO\RQWKHPDLQHIIHFWRIWKH'$6DQGLQWHUDFWLRQHIIHFWRI'$6[*HQRW\SHGXULQJWKLVVWXG\
7DEOH0HDQVTXDUHVLQYDULDQFHRIDQDO\VHVE\WKHVWDONDQGOHDISDUWV
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3URWHLQFRQWHQWIRXQGLQWKHSDUWVRIOHDIDQGVWDONZDVGHFOLQHGE\WKHSODQWJURZWK7KHKLJKHVWSURWHLQFRQWHQW
YDOXHVZHUH REVHUYHG LQ'$6 IRU OHDI  7KH KLJKHVW SHUFHQWDJH RI SURWHLQ LQ VWDONZDV GHWHUPLQHG LQ
'$6DQG'$6ZKLOHWKHORZHVWYDOXHVIRUSURWHLQFRQWHQWVWDONOHDIKDYH
EHHQPHDVXUHGLQ'$6DVDOUHDG\H[SHFWHG7KHUHZDVVLJQLILFDQWYDULDWLRQDPRQJJHQRW\SHVIRUSURWHLQFRQWHQW
7DEOH ,+3KDGKLJKHUSURWHLQFRQWHQW LQ LWV VWDON DQG OHDI  WKDQ WKDWRI WKHRWKHUV ,QJHQHUDO
JHQRW\SHVKDYLQJKLJKSURWHLQLQVHHGVKDGDOVRKDYHKLJKHUSHUFHQWRISURWHLQLQWKHLUOHDYHVDQGVWDONV)LJXUH
2QH RI WKHPRVW LPSRUWDQW IDFWRU LV WKHPDWXULW\ FRQGLWLRQRI SODQW LQ LWV KDUYHVWLQJ WLPH$ UHGXFWLRQ LQ IRUDJH
TXDOLW\KDVEHHQREVHUYHGZLWK WKHSURJUHVVRISODQWPDWXUDWLRQ &KHUQH\0DWXUDWLRQFDXVHVGHFUHDVHV LQ
SURWHLQDQGLWVGLJHVWLELOLW\EXWLQFUHDVHVLQFUXGHDVKFRQWHQW.Ro%DNR÷OXHWDO,WKDVEHHQVKRZQ
LQ DSUHYLRXV VWXG\ WKDW WKH FHOOXORVH FRQWHQW LQFUHDVHG IURP WRZKLOH WKH SURWHLQ FRQWHQW GHFUHDVHG
IURPWRLQFUHVWHGZKHDWJUDVV*|NNXúHWDO2XUUHVXOWVZHUHLQDJUHHPHQWZLWKWKHSUHYLRXV
ILQGLQJV,QRUJDQLFPDWWHUFRQWHQWLQVWDONKDVEHHQGHFUHDVHGE\WKHSODQWJURZWKEXWLWZDVIRXQGZLWKDQLQFUHDVH
LQOHDIE\WKHPDWXUDWLRQ7KHKLJKHVWDVKFRQWHQWVZHUHUHFRUGHGDVDQGLQVWDONDW'$6DQGLQ
OHDIDW'$6UHVSHFWLYHO\7KHORZHVWDVKFRQWHQWKDVEHHQGHWHUPLQHGDVLQ'$6IRUOHDIDQGLQ
'$6 IRU VWDON *HQHUDOO\ JHQRW\SHV KDYLQJ KLJK SURWHLQ FRQWHQW KDG KLJK DVK FRQWHQW WRR +RZHYHU WKH
JHQRW\SHVDOUHDG\KDYHKLJK OHYHORIRLOKDG ORZHUDVKFRQWHQW$ODWUNUHSRUWHG WKDW WKH LQRUJDQLFPDWWHU
FRQWHQW RISODQWVZDVGHFUHDVHG DORQJZLWK WKHPDWXULW\ RISODQW7KH UHTXLUHPHQWRIPLQHUDOPDWWHU RISODQWV LV
JHQHUDOO\KLJKDWWKHLUIDVWJURZLQJVWDJHV0RVWRIWKHPLQHUDOVZHUHIRXQGLQWKHSURWRSODVPZKHUHSK\VLRORJLFDO
DFWLYLW\LVLQDEXQGDQFHZKLOHOHVVLQFHOOZDOO6SHDUV:LWKWKHSURJUHVVRISODQWJURZWKDVKFRQWHQWKDYH
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GHFUHDVHGGXHWRLQFUHDVLQJRIWKHUDWLRRIWRWDORUJDQLFPDWWHUWRPLQHUDOPDWWHUVLQFUHDVHVGHSHQGLQJRQFHOOZDOO
FRPSRXQGV*RNNXVHWDOQRWLFHGWKDWWKHPLQHUDOPDWWHUVLQFOXGLQJPDFURDQGPLFURHOHPHQWVZHUHIRXQG
KLJKLQVSULQJPRQWKVDVFRPSDUHGWRRWKHUPRQWKV
$Q LQFUHDVH LQWR WKHILEHUFRQWHQWRIDOOJHQRW\SHVKDVEHHQREVHUYHGDORQJZLWK WKHSODQWJURZWK7KH ORZHVW
YDOXHVRIILEHUFRQWHQWZHUHREVHUYHGIRUOHDIDQGVWDONLQ'$6ZKLOHWKHKLJKHVWYDOXHVKDYH
EHHQGHWHUPLQHGIRUVWDONLQ'$6DQGIRUOHDILQ'$6,+3[0RFURVVDQG%SDUHQWKDG
WKHKLJKHVWILEHUFRQWHQWDVFRPSDUHGWRRWKHUV+LJKSURWHLQJHQRW\SHVKDGKLJKHUILEHUFRQWHQWLQWKHLUOHDYHVDQG
VWDONVWKDQWKRVHKDYLQJKLJKOHYHORIRLO1')FRQWHQWIRXQGLQVWDONDQGOHDISDUWVKDVEHHQLQFUHDVHGLQSDUDOOHO
ZLWKSODQWJURZWK,QGHHGWKHKLJKHVWYDOXHIRU1')FRQWHQWZDVREVHUYHGLQ'$6ERWKIRUOHDIDVZHOO
DV VWDON ZKLOH WKH ORZHVWYDOXHV VWDON DQG OHDI KDYHEHHQREVHUYHG IRU1')FRQWHQW LQ
'$6$OOJHQRW\SHVKDGKLJK1')YDOXHV!DORQJZLWKWKHYHJHWDWLRQDQGWKH\UHDFKHGWKHKLJKHVWYDOXHV
LQ'$61')FRQWHQWRIVWDONUHDFKHGWKHKLJKHVWYDOXHLQ'$6ZKLOHWKHKLJKHVWYDOXHIRU
WKLVWUDLWLVREVHUYHGLQ'$6IRUOHDISDUW,WZDVLGHQWLILHGWKDWWKHORZHVW$')YDOXHVLQVWDONDQG
LQOHDIIRXQGLQ'$6
,WKDVEHHQREVHUYHGWKDWWKHFURVVHVKDGKLJKHU1')FRQWHQWDVFRPSDUHGWRWKHLUSDUHQWDOOLQHV$'/FRQWHQW
KDVEHHQLQFUHDVHGDORQJZLWKWKHJURZWKRISODQWLQDOOJHQRW\SHV$'/FRQWHQWIRXQGLQVWDONSDUWVUHDFKHGWKH
KLJKHVW YDOXH DW'$6ZKLOH$'/ FRQWHQW RI OHDI LQ FDVH RI'$6&KDQJHV LQ$'/ FRQWHQW YDULHG E\ WKH
JHQRW\SHVDQGWKHORZHVWYDOXHIRU$'/FRQWHQWKDVEHHQREVHUYHGLQ%SDUHQWDOOLQHV1')FRQWHQWRIJHQRW\SHV
ZHUH DOVR LQFUHDVHG DORQJ ZLWK WKH LQFUHDVH LQ SODQW JURZWK 'HQL] HW DO  PHQWLRQHG WKDW QR VLJQLILFDQW
GLIIHUHQFHVZHUHIRXQGLQEHWZHHQWKUHHGLIIHUHQWPDL]HYDULHWLHVKRZHYHU WKHGHYHORSPHQWDOVWDJHVLHVLONLQJ
PLON\DQGGRXJKVWDJHKDGVLJQLILFDQWHIIHFWVRQ1')FRQWHQWVRIDOOYDULHWLHV7KLVVWXG\UHYHDOHGWKDW1')YDOXH
UHGXFHGLQPDL]HVLODJHWKDWSUHSDUHGE\WKHVDPSOHVRISRVWGHYHORSPHQWDOVWDJHVDOWKRXJKLWKDVEHHQH[SHFWHGWR
LQFUHDVH 7KLV FDVH KDV EHHQ H[SODLQHG E\ WKH LQFOXVLRQ RI WKH NHUQHOV KDYLQJ YHU\ ORZ 1') YDOXHV LQ SRVW
GHYHORSPHQWDOVWDJHVRISODQW-RKQVRQHWDO7KHORZHVW1')YDOXHVKDYHEHHQREVHUYHGDWIORZHULQJVWDJHV
LQDOOJHQRW\SHV+RZHYHURXUUHVXOWVVKRZHGWKDWWKHKLJKSURWHLQJHQRW\SHVKDGKLJKHU1')FRQWHQWDVFRPSDUHG
WRWKRVHKDYLQJKLJKOHYHOVRIRLO,QFUHDVLQJLQFHOOZDOOFRPSRXQGVKDVEHHQDVVRFLDWHGZLWKWKHSUHVHQFHRIPDWXUH
FHOOVUDWKHUWKDQ\RXQJFHOOV,WZDVDOVRGHWHUPLQHGWKDWWKHVSHFLDOPDL]HSDUHQWVDORQJZLWKWKHLUFURVVHVKDGKLJK
$')YDOXHVLQWKHLUVWDONV'HQL]HWDOREVHUYHGWKDWWKH$')FRQWHQWLQFUHDVHGE\WKHSURJUHVVWRZDUGVWKH
JUDLQ ILOOLQJSHULRGKRZHYHUFXOWLYDUVPD\KDYHGLIIHUHQW UHVSRQVHV%XW LQFDVHRIRXU VWXG\$')FRQWHQWZDV
LQFUHDVHGDORQJZLWKWKHJURZWKRISODQWDVZLWKPRVWRIWKHFXOWLYDWHGFURSVg]GYHQHWDOUHSRUWHGWKDW
$'/FRQWHQWLQGLIIHUHQWYDULHWLHVDOVRLQFUHDVHGE\WKHSURJUHVVRISODQWGHYHORSPHQW,QGHHGLWKDVEHHQGHVFULEHG
LQVHYHUDOUHSRUWVWKDWWKHLQFUHDVHLQFHOOZDOOPDWHULDOGHSHQGLQJRQWKHPDWXULW\OHYHORISODQW*ULIILQDQG-XQJ
1HOVRQDQG0RRVHU$N\ÕOGÕ]-RKQVRQHWDO/\RQVHWDO$oÕNJ|])URVWDW
DO  2XU UHVXOWV ZHUH LQ FRQVLVWHQW ZLWK WKHVH ILQGLQJV '0' YDOXH UHGXFHG LQ WKH SURJUHVV RI SODQW
PDWXUDWLRQ7KHORZHVWDVZHOODVWKHKLJKHVWYDOXHVZHUHREVHUYHGLQ'$6VWDONDQGOHDIDQG
'$6VWDONDQGOHDIUHVSHFWLYHO\&URVVHVRIKLJKSURWHLQSDUHQWKDGWKHORZHUYDOXHVKRZHYHU
QRUPDO LQEUHG % DQG0R KDG KLJKHU YDOXHV DV FRPSDUHG WR RWKHU JHQRW\SHV ,Q JHQHUDO'0'YDOXHZDV
IRXQGWREHKLJKZKLOHFURVVHVKDGORZHUYDOXHVWKDQWKHLUSDUHQWV20'YDOXHVRIJHQRW\SHVUHGXFHGLQFRXUVHRI
SODQWGHYHORSPHQW7KHKLJKHVW20'YDOXHVZHUHREVHUYHG LQ WKH WLPHRI ILUVW VDPSOLQJ VWDONDQG OHDI
EXWWKHORZHVW'0'YDOXHVKDYHEHHQQRWLFHGLQWKHGDWHRIODVWVDPSOLQJ1RUPDOSDUHQWV%DQG0R
KDGKLJKHU'0'YDOXHVDVFRPSDUHGWRRWKHUJHQRW\SHV
7KH'0'YDOXHVKDYHEHHQIRXQGPRUHWKDQLQFRROVHDVRQHGJUDVVHVDIWHUWKHILUVW±ZHHNVDVFRPSDUHG
WRWKHLUDFWLYHJURZWKSHULRG7KHUHDIWHUGU\PDWWHUGLJHVWLELOLW\UHGXFHVQHDUO\ZLWKòRUUDWLRLQHDFKGD\XQWLO
LWUHDFKHVEHORZ5HDVRQRIWKLVWKDWWKHDPRXQWRIFHOOZDOOVWUXFWXUDOFRPSRQHQWVYL]1')$')DQG$'/
DUHGLIILFXOW WRGLJHVWE\ WKHDQLPDOVZKLFK LQFUHDVHG LQPDWXUHGSODQWV %DOOHWDO7KHUDWLRRIGLJHVWLEOH
RUJDQLFPDWWHULQSODQWVLVFRUUHODWHGZLWKFHOOZDOOFRPSRQHQWVEXWLQFUHDVHVLQFHOOZDOOFRPSRQHQWVDUHUHVXOWHG
LQGHFUHDVHV LQ WKHDPRXQWRIGLJHVWLEOHRUJDQLFPDWWHU FRQWHQW &DVWOH+ROHFKHNHW DO+XVWRQDQG
3LQFKDN6WHHQ*RQ]DOH]$QGUHVDQG&HUHVXHOD9HQWXUDDQGDUN9HQWXUDHWDO
3HFHWWLHWDO)URVWHWDO%RXD]]DHWDO.|NWHQHWDO

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
)LJ&3&$$'/DQG&)LQOHDIDDQGVWDONESDUWVRIJHQRW\SHVDORQJZLWKVDPSOLQJGDWHV'LIIHUHQWVPDOOOHWWHUVVKRZWKHVLJQLILFDQW
GLIIHUHQFHVEHWZHHQJHQRW\SHVZLWKLQ'$6'LIIHUHQWXSSHUFDVHOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVEHWZHHQPHDQVRI'$6


)LJ1')$')'0'DQG20'FRQWHQWLQOHDIDDQGVWDONESDUWVRIJHQRW\SHVDORQJZLWKVDPSOLQJGDWHV'LIIHUHQWVPDOOOHWWHUVVKRZWKH
VLJQLILFDQWGLIIHUHQFHVEHWZHHQJHQRW\SHVZLWKLQ'$6'LIIHUHQWXSSHUFDVHOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVEHWZHHQPHDQVRI'$6
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 &RQFOXVLRQV
5HVXOWV RI WKLV VWXG\ VKRZHG WKDW WKH VLJQLILFDQW GLIIHUHQFHVZHUH IRXQG DPRQJ JHQRW\SHV IRU DOO LQYHVWLJDWHG
WUDLWV LQDOOVDPSOLQJGDWHV$')1')$'/DQGILEHUFRQWHQWKDVEHHQ LQFUHDVHGDORQJZLWK LQFUHDVLQJRISODQW
JURZWK&UXGH DVK FRQWHQW KDG LQFUHDVHG LQ VWDONSDUWV LQ DFFRUGDQFH WRSODQW DJHZKLOH LWZDVGHFUHDVHG LQ OHDI
SDUWV,QFDVHRI'0'DQG20'FRQWHQWVWKH\VKRZHGDGHFOLQHDORQJZLWKWKHJURZWKRISODQWLQERWKRIVWDONDV
ZHOODVOHDISDUWV:KHQFRQVLGHULQJWKHVDPSOLQJWLPHVLWKDVEHHQXQGHUVWRRGWKDWWKHEORRPLQJWLPHLVWKHPRVW
DSSURSULDWH WLPH IRU XVLQJ WKH JHQRW\SHV DV IRUDJH )LQDOO\ LW KDV EHHQ LGHQWLILHG WKDW WKH WK DQG WK GD\ RI
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